Abstract-The growing variety and consumption of the mobile services throughout the cellular networks lead to various challenging issues in radio resource scheduling. To have an apparent perspective over the resource scheduling in real implementation of the next generation cellular networks, it is essential to consider sequences of alternating overload and normal states of the traffic, occurring much in the system. In this paper, we do a performance study of three overload-state schedulers by implementing such a network environment and exploiting the advantages and drawbacks of the compared algorithms. This performance study through the simulation results reveals that the existing overload-state resource scheduling schemes do not satisfy the fifth generation (5G) mobile network's requirements to be more optimized in hard real time fashion. Then, open challenges and potential research directions for resource management in future 5G mobile networks are presented at the end.
I. INTRODUCTION
The continuous evolution of wireless network technologies from 2G to 3G and 4G has predominantly developed the wireless communication world. As pointed out by the GSA [1] , the world's mobile user growth will reach 3.8 billion users by 2020 over the 5G mobile communication technology. Along with the increasing number of mobile devices, bandwidth overload states may occur much in the network and contribute to the system degradation [2] . In this regard, the efficient resource scheduling schemes are essential strategies to cope with the scarce available bandwidth and supply quality requirements of the emerging services.
In [3] , the downlink scheduling problem was formulated to the Fractional Knapsack problem and the respective algorithm was proposed to provide Quality of Service(QoS) support specially in overload scenarios. A throughput-aware scheduling scheme was presented in [4] based on the Fractional Knapsack scheduling problem. Since this model is an NP-hard problem, a greedy solution was proposed in [5] as an optimal solution.
In order to provide fairness as another performance target, an opportunistic resource scheduling approach was proposed in [6] . This algorithm supports classbased QoS enhancement and fair resource sharing simultaneously. Nevertheless, many challenges have been remained that limit the application of state-ofthe-art resource schedulers to the upcoming 5G networks, mainly due to their weak scalability of system traffic and critical performance targets.
In this paper which is a work-in-progress paper via simulations, we evaluate performance of the state-ofthe-art resource scheduling algorithms for overloadstate downlink transmission of the Long Term Evolution (LTE) service classes. The comparative performance evaluation is conducted in terms of loss, delay during sequences of alternating overload and normal states of the network. This comparison demonstrates the strengths and weaknesses of the existing overload-state scheduling algorithms. Finally, we elaborate open challenges and potential research directions for resource management in 5G systems. The research shows that overload states, occurring much in the next generation (5G) cellular networks, need to be considered rigorously to prevent the system performance degradation and increase users' quality of experience.
II. OVERLOAD-STATE DOWNLINK SCHEDULING
The main objective of the optimal resource scheduling approach is to maximize the total system performance [7] . We consider a multiple access network environment and the bearer-level scheduling architecture. Set of the bearers waiting for scheduling is defined by B (B = {1, 2, ..., b}) and E is the total number of available system Resource Blocks (RB)s. The focus is on the time domain packet scheduling phase, where the scheduler selects an optimal set of bearers in the given time interval and the appropriate number of RBs to be assigned. In this section, we provide a review of the performance targeted overload-state downlink scheduling schemes and then will discuss how they may be suitable for meeting QoS performance requirements of the 5G cellular networks.
A. Fractional-Knapsack Resource Allocation
It is supposed that each bearer b, has a size s b and a rank value ρ b . The s b is required number of RBs for delivering the queued packets of bearer b. The constant system bandwidth E, available in each scheduling time interval, is modeled to a knapsack. The present bearers are considered as the listed items, needed to be selected for putting inside the given knapsack. The objective is to fill the knapsack with the highest valued bearers so that the total acquired value is maximized, but the sum of their demands must not exceed the total system bandwidth. The corresponding FractionalKnapsack scheduling problem is expressed as
x b is a whole or a fraction of bearer b, which is selected for scheduling, otherwise x b = 0. The rank value ρ b is applied to quantify the profit of selecting and scheduling bearer b. Serving bearers with the highest rank value gives rise to the system performance maximization. The ρ b is calculated by using the aggregate rank function
where f (m j , w j ) = w j . tanh(m j ), and j ∈ {delay, loss, queuedepth, priority}.
(2)
w j is the assigned weight of metric j and it is adjusted by the operator. m j is the normalized value of each QoS metric j which is defined as
B. Optimal Greedy-Knapsack Scheduler
The performance of the network is improved in terms of QoS satisfaction by using the ranked list solution of the Fractional-Knapsack approach. By leveraging the greedy-choice feature, Fractional-Knapsack scheduling problem is solved in an optimal manner by applying the Greedy-Knapsack algorithm [5] . Through this algorithm, bearers are sorted based on their corresponding ratio of the rank value to the size ρ b s b , in decreasing order. Then, the required quantity of resource blocks are allocated to the selected bearers in order, until all the queued bearers get the required resources or no system resource is remained.
A metric of the normalized throughput was added to the set of influential metrics for computing the ranking function f . The throughput metric is normalized by
which is based on the fact that channel state information and users' experienced data rate are severely effective to the throughput gain.
C. Class-Based Proportional Scheduler
The Class-Based Proportional (CBP) algorithm adopted a proportional approach in combination with Greedy-Knapsack scheme to address the fairness performance target along with the QoS support. This scheduler contains two main steps: 1. Resource-toclass distribution. 2. Resource-to-bearer allocation. Through the first step system resources are distributed fairly among different service classes. By supposing that each service class c contains n c bearer, and each bearer b requires δ b resource block, the aggregated resource demand of service class c is computed as
Then, the available system resources are distributed proportionally among the QoS classes based on their aggregated resource demands as follows
where Ω c is the resource share assigned to class c and E is the number of available resource blocks.
In the second step of the CBP algorithm, the best candidate of the bearers is selected, by applying the Greedy-Knapsack scheme in the way that QoS requirements of the bearers are provided. Subsequently, the fair resource share of each class is assigned to the selected set of the bearers.
III. PERFORMANCE EVALUATION
The simulation experiments were conducted to evaluate the performance of algorithms using the same simulation platform applied in [3] . This simulation environment was implemented based on the network characteristics defined in 3GPP LTE verification framework [8] , comprehending scheduling aspects of eNodeB Media Access Control (MAC) layer. We assumed 19 network cells with 5 MHz bandwidth, consisting 330 active users with different kind and number of bearers, covering all service classes, over the sequences of normal and overload intervals. In each overload interval, 50 users with single data session are added to the present traffic and they are eliminated at the beginning of the normal interval. The middle cell was selected for the measurements where UEs are distributed randomly within the serving area of eNodeB as the base station. The schedulers' behavior are analyzed by using the real-time measurements of QoS parameters. In this way, the dynamic behaviors of performance indicators are depicted through run time in Figs. 1 and 2 .
As can be seen through these figures, all QoS classes experience no loss and no delay over the normal states. Contrarily, due to the burst of traffic and scare available system resources in overload state of the network, system experiences big amounts of loss and delay. In case of the CBP scheduling algorithm, it provides better level of QoS, experienced by the whole system, especially in terms of system loss rate, in compare with the other algorithms. This total system performance improvement is clarified because of prioritizing and scheduling the bearers with the highest potential to maximize the quality level of services.
IV. RESOURCE MANAGEMENT CHALLENGES
TOWARDS 5G CELLULAR NETWORKS In next generation cellular networks, for providing high QoS to the ever-growing number of users more spectrum resources are required. Moreover, the current network spectrum needs to be utilized more efficiently in response to the huge resource demands of the bursty mobile traffic. Therefore, service-oriented resource scheduling and intelligent resource management are still complex open challenges that future 5G requires to response. Furthermore, new radio access techniques should be devised in compliance with the existing solutions to reach the data rate targets of 5G networks. Along with the massive development of the network infrastructure, a big research focus should be dedicated for big-scale upgrading and design of the MAC layer to enable fast and reliable communication.
Other enabling solutions such as network virtualization and network densification are desirable solutions to cope with the wireless network resources' limitation. Thus, it is an essential need for future researchers to address the significant resource challenges over the explosive increase of traffic volume.
V. CONCLUSION Efficient resource scheduling schemes are essential strategies to cope with the scarce system resources available to the huge volume of the overload traffic. In this regard, we tried to clarify the drawbacks that limit the state-of-the-art overload-state scheduling algorithms to be applied in practical context for the next generation cellular networks due to their weak scalability in terms of the service traffic. Simulation results show that the existing multi-service overloadstate schedulers are still limited to overcome the performance degradation by the potential overload scenarios of the upcoming 5G cellular networks. Indeed, more research works are required to solve the challenging resource management issues for future 5G networks.
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